Effect of curcumin on p38MAPK expression
in DSS-induced murine ulcerative colitis
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ABSTRACT. The aim of this study was to determine the therapeutic
effect of curcumin on dextran sulfate sodium-induced ulcerative colitis
(UC) and to explore the related mechanism. Sixty mice were randomly
divided into 6 groups. A group was the normal control group; B group
was the model group; C group was the 1.5 mg/kg dexamethasone group
based on the B group; and D, E and F groups were 15, 30, and 60 mg/
kg curcumin groups, respectively, based on the B group. The mice were
killed 7 days after treatment; the expression of TNF-a and MPO in
colon tissue was determined with ELISA, and colon p-p38MAPK and
p38MAPK mRNA expression was evaluated by immunohistochemistry
and RT-PCR, respectively. In the C, D, E, and F groups, TNF-a and
MPO levels significantly decreased (P < 0.05), and the expression of
p-p38MAPK also significantly decreased (P < 0.01). The expression of
p38MAPK mRNA in the C, D, E, and F groups decreased (P < 0.01),
and there was a statistically significant difference between the E and F
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groups (P < 0.01). Curcumin had a therapeutic effect, which probably
played a role in UC treatment by inhibiting the p38MAPK signaling
pathway, thereby reducing the release of TNF-a.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic nonspecific inflammatory bowel disease, which is
a kind of inflammatory bowel disease (IBD) with long duration; cure is difficult, and there is
a tendency for canceration. Therefore, it is listed as one of the modern refractory diseases by
WHO. Its etiology and pathogenesis have not yet been elucidated, where it may be connected
with immunity, infection, genetics, and mental and environmental factors (Caprilli et al., 2007,
Endo et al., 2009; Matricon, 2010). Currently, the commonly used traditional medicines in the
treatment of UC have side effects such as ease of relapse after withdrawal and need for long-
term medication (Martinez-Montiel and Muiioz-Yagiie, 2006). On the other hand, biological
drug therapy often produces drug resistance in the treatment process, and costs are too high for
it to be suitable for long-term and wide clinical use. Thus, the search for economic drugs with
limited adverse reactions is of great significance. Curcumin is a natural polyphenol substance,
extracted from the traditional Chinese medicine Rhizoma Curcumae Longae, and studies have
confirmed that it has a variety of pharmacological effects and biological properties, such as an-
tiinflammatory, antiinfective, antitumor, antioxidative, blood pressure-lowering and immune
regulatory effects (Goel et al., 2008; Giri et al., 2009). This study aimed to determine the thera-
peutic effect of curcumin on dextran sulfate sodium (DSS)-induced murine UC, examining
the effects of curcumin on the expression of TNF-a, MPO, and p38 mitogen-activated protein
kinase (p38MAPK) protein and mRNA, and to explore its therapeutic mechanism.

MATERIAL AND METHODS
Material

Sixty healthy BALB/c mice, all females, aged 6-7 weeks, weighing 16-20 g, were
purchased from Chongqing TangXin Biological Technology Co. Ltd. DSS was purchased from
Shanghai Sigma-Aidrich company (Shanghai), curcumin from Aladdin, and dexamethasone
sodium phosphate injection from Affiliated Hospital of Luzhou Medical College. TNF-a and
MPO ELISA kit were obtained from RD, American, phosphorylated p38MAPK mouse mono-
clonal antibody from Santa Cruz, and benzidine detection kit from Beijing Zhongshan Reagent
Company. Trizol total RNA extraction and reverse transcription reagent kits were purchased
from Takara, and the primer synthesis and probe modification were performed by Shanghai
Biological Engineering Co., Ltd.

Methods
Grouping and modeling

Sixty healthy female BALB/c mice were adaptively fed for 1 week and then randomly
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divided into 6 groups, with 10 mice in each group as follows. A group: normal control group,
with free access to drinking water, with intraperitoneal injection of 1 mL saline daily; B group:
DSS model group, freely drinking 5% DSS solution, with intraperitoneal injection of 1 mL
2.5% ethanol daily; C group: dexamethasone treatment group, with the same drinking solu-
tion as in B group, with intraperitoneal injection of dexamethasone once daily (at doses of 1.5
mg/kg dissolved in 1 mL normal saline); D group: curcumin low dose group, with the same
drinking solution as in B group, with intraperitoneal injection of curcumin solution once daily
(at 15 mg/kg in 1 mL 2.5% ethanol solution); E Group: curcumin middle dose group, with the
same drinking solution as in B group, with intraperitoneal injection of curcumin solution once
daily (at 30 mg/kg in 1 mL 2.5% ethanol); F Group: curcumin high dose group, with the same
drinking solution as in B group, with intraperitoneal injection of curcumin solution once daily
(at 60 mg/kg in 1 mL 2.5 % ethanol). The whole drug therapy period was 7 days. All mice were
then euthanized, and the colon collected, part for embedding in paraffin and part for storage
in liquid nitrogen.

Evaluation of colonic inflammation

The disease activity index (DAI) and histological injury scores were used to evalu-
ate the colitis. 1) DAI = (weight loss percentage score + stool score + hematochezia score)/3
(Swee et al., 2006; Mao et al., 2012). The weight loss percentage score was divided into 5
grades: no decrease: 0 point; decrease 1-5%: 1 point; decrease 6-10%: 2 points; decrease 11-
15%: 3 points; decrease >15%: 4 points; stool: normal: 0 points; semi-loose: 2 points; loose:
4 points; fecal occult blood: negative: 0 point; positive: 2 points; bloody stools: 4 points. 2)
Histopathological score (Murano et al., 2000; Tjandra et al., 2002; Osman et al., 2004), based
on HE staining and examination under a light microscope. Each intestinal tissue specimen was
evaluated using 3 visual fields, and the mean value of these 3 fields was rated: mucosa was
normal, without damage: 0 point; crypt glands 1/3 lost: 1 point; crypt glands 2/3 lost: 2 points;
crypt glands all lost, presence of lamina propria covering simple epithelium, accompanied by
inflammatory cell infiltration: 3 points; mucosal membrane dissipated and destroyed, accom-
panied by significant inflammatory cell infiltration: 4 points.

Colonic TNF-a and MPO levels detection by ELISA assay

We took 1-cm colon tissue, added a certain amount of phosphate buffer then made tissue
homogenate, centrifuged and the supernatant was performed according to ELISA kit instructions.

Colon p-p38MAPK protein expression by immunohistochemical assay

In accordance with the SP immunohistochemical staining kit instructions, the positive
criteria were as follows: the nucleus and/or cytoplasm appeared tan brown or brownish yellow.
The semi-quantitative method was used for grading, according to Maltby et al. (2010), where
staining intensity was divided into 4 levels: no staining: 0 point; yellowish, 1 point; brownish
yellow: 2 points, brown: 3 points. Each slice was graded at 5 levels according to the percentage
of positive cells: none: 0; positive staining cells accounted for 1-10%: 1 point; positive cells
accounted for 11-50%: 2 points; positive cells accounted for 51-75%: 3 points; positive cells
accounted for 76-100%: 4 points. The score of each section was the product of the above scores.
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Colon p38MAPK mRNA expression detection by RT-PCR

Total RNA of mouse colon tissue was extracted with Trizol reagent according to
instructions, and the purity and concentration of RNA were assessed with an ultraviolet spec-
trophotometer. Reverse transcription was performed to synthesize cDNA, which was then
amplified by PCR. The amplified products were subjected to 1.0% agarose gel electropho-
resis. The gray value of each band was analyzed by gel imaging, and the relative content
of mRNA was expressed as semi-quantitative RT-PCR results by the ratio of sample target
p38MAPK gene to the internal reference. The primers used were GAPDH gene upstream
primer sequence: 5'-TGC TGT CCC TGT ATG CCT CTG-3' and downstream primer se-
quence: 5'-TTG ATG TCA CGC ACG ATT TCC-3' (223 bp); and p38MAPK gene upstream
primer sequence: 5'-GAG ACC GTT TCA GTC CAT C-3' and downstream primer sequence:
5'-ATT CCT CCA GTG ACC TTG C-3' (128 bp). p38MAPK amplification conditions were:
94°C for 5 min, 30 cycles of 94°C for 35 s, 54°C for 30 s and 72°C for 30 s, and a final exten-
sion at 72°C for 5 min.

Statistical analysis

The SPSS 11.5 statistical software was used for the data processing, and all data are
reported as means + SD. After the data were tested for homogeneity of variance, one-way
ANOVA was performed. The LSD-t test was used for intergroup comparison, and linear cor-
relation analysis was carried out. P < 0.05 was considered to be statistically significant.

RESULTS

DAI score

The basic activities of the A group were normal, without weight loss or hematoche-
zia, while the mice in other groups gradually showed a slow response, i.e., easily frightened,
anorexia, weight loss, reduced water consumption, stool attenuate and bloody purulent stool,
etc., after the intake of 5% DSS. However, the symptoms of the C, D, E, and F groups were
significantly milder than in the B group, and DAI scores were also significantly lower than in
the B group, with statistically significant difference (P < 0.01). There was a statistically sig-
nificant difference between the C group and D and E groups (P < 0.05), and also, there was a
significant difference between the D group and E and F groups (P < 0.05), while there was no
significant difference between the C group and F and E groups (P > 0.05) (Table 1).

Table 1. DAL, histological score, TNF-a, MPO, p-p38 and p38MAPK mRNA expression each group (means + SD).

Group N DAI Histological score TNF-o (pg/mL) MPO (pg/mL) p-p38 p38MAPK mRNA
A 10 0.07+0.14 0.20+0.17 201.83 +18.24 204.94 +£21.25 0.52+0.32 0.23+0.05

B 8  2.71+038 2.95 +0.45 382.26 +21.82¢ 339.31 +13.61° 6.80 £0.77* 0.75+0.03*

C 10 1.33+0.38® 1.43 +£0.42® 257.71 £ 19.21% 238.95+ 11.17*® 2.50 £ 0.82® 0.40 + 0.02*

D 9 2.14+0.44" 2.26 + 0.47% 333.67 + 17.72%  298.93 + 9.94:¢ 4.36 + 1.02 0.56 + 0.04

E 9 1.74£0.40% 1.81 +0.43% 287.03 +20.56™¢  258.60 + 13.07%¢ 3,62+ 0.79"¢ 0.49 + 0.04>¢

F 10 1.52+0.39%¢ 1.60 + 0.56™4 270.10 + 13.03%¢  248.52 + 9.24 3.12+0.63%¢ 0.39 £ 0.02%¢

P <0.01 vs A group; °P < 0.0 vs B group; P < 0.0 vs C group; ‘P < 0.01 vs D group.
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Histological score

The histological scores determined under a light microscope are given in Table 1 and
Figure 1. The histological scores of the C, D, E, and F groups were lower than for the B group,
with a significant difference (P < 0.01). The difference was statistically significant between
the C and D groups (P <0.01), as well as between the D group and E and F groups (P < 0.05).

Figure 1. Colon tissue observation under the microscopy (HE x 200).

TNF-a, MPO levels of colonic mucosa

In the B group, TNF-a and MPO levels of colon tissue were significantly higher than
in the A group, while TNF-a and MPO levels of the C, D, E, and F groups were lower than
for the B group, with a statistically significant difference (P < 0.01). There was a statistically
significant difference between the C group and D and E groups (P < 0.05), as well as between
the D group and E and F groups (P < 0.05) (Table 1).

Colonic tissue p-p38MAPK expression

p38MAPK expression was mainly in the epithelial cells of the mucous layer and
mononuclear cells and neutrophils infiltrating the submucous (Figure 2). In the A group, there
was less expression in the cytoplasm and the nucleus, and the positive cells were few. In the B
group, the cytoplasm and nucleus were strongly stained, mainly in the nucleus, and the color
was brown. In the C, D, E, and F groups, the expression of p-p38MAPK-positive cells was
reduced and the staining was lighter, mainly nuclear and scattered cytoplasmic expression; the
score showed significant differences when compared with the B group (P < 0.01). The score of
the C group was statistically different from that of D and E groups (P < 0.01), and there was a
statistically significant difference between the D group and E and F groups (P < 0.05, Table 1).
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Figure 2. p-p38MAPK immunohistochemical expression situation of colon tissue (SP x 400).

Colon tissue p3SMAPK mRNA expression

RT-PCR (Figure 3) exhibited the following results. Compared with the A group, the
colon mucosa p38MAPK mRNA expression level of the B group significantly increased (P
< 0.01), while p38MAPK mRNA expression levels in mucosal tissues of the C, D, E, and F
groups decreased compared with the B group, with a statistically significant difference (P <
0.01). There was a statistically significant difference between the C group and the D and E
groups (P < 0.01), and the colonic tissue expression of the D group was significantly higher
than that of the E and F groups, with a significant difference (P < 0.01, Table 1).

A B C D E F

600 bp
500 bp
400 bp
300 bp
200 bp

100 bp 128 bp p38

600 bp
500 bp
400 bp
300 bp

200 bp 223 bp GAPDH

100 bp

Figure 3. p38MAPK mRNA expression of colon tissue in each group: Lane A: A group; lane B: B group; lane C:
C group; lane D: D group; lane E: E group; lane F: F group.
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DISCUSSION

UC is a chronic non-specific colitis, mainly appearing as inflammatory bowel disease
and ulcers. Its cause is still unknown, but the effects of cytokines in the pathogenesis, develop-
ment and prognosis have been recognized. The disrupted balance between proinflammatory
cytokines and antiinflammatory cytokines plays a key role (Eaden et al., 2000; Li et al., 2009),
where TNF-a, as an important proinflammatory cytokine, and immunomodulatory factors are
mainly generated by the autocrine and paracrine regulation of monocytes and macrophages.
It could promote the release of other inflammatory cytokines, and amplify the inflammatory
reaction, increase the accumulation of other chemical factors to neutrophils, increase the ex-
pression of endothelial cell adhesion molecule, induce specific enzyme-mediated tissue injury,
increase intestinal permeability and ion transport (which would cause diarrhea), and thus par-
ticipate in UC inflammation and immune response. TNF-a is recognized as an important in-
flammatory cytokine closely associated with UC pathogenesis (Papadakis and Targan, 2000),
and studies have also confirmed that TNF-a expression would significantly increase in the
UC active phase, playing an important role in the pathogenesis and development of UC. My-
eloperoxidase (MPO) is an important peroxidase produced by neutrophils, mainly existing in
neutrophils and monocytes. It could be defined as a specific marker of neutrophils, and so any
tissue with the presence of neutrophil infiltration could be evaluated for infiltration number
and activity of inflammatory cells by measuring MPO activity. Therefore, MPO activity in
intestinal mucosa could be used as a monitoring indicator of disease severity in UC patients
(Park et al., 2012).

p38MAPK is an important member of the MAPK family (Zarubin and Han, 2005),
widely present in various tissues, where under physiological conditions, p38 is mainly lo-
cated in the cytoplasm, showing very low activity. It could be activated by various cytokines
(TNF-a., IL-1), lipopolysaccharide, stress stimuli (heat shock, hyperosmolar injury, ischemia
- reperfusion) (Rafiee et al., 2002; Jameel et al., 2009). A number of studies have shown that
cells exposed to the above stimuli could activate p38MAPK, which would then regulate the in-
flammatory response by the following means. Inflammatory stimuli could activate p38MAPK,
and p38MAPK could also affect the production of TNF-a, IL-1, IL-6, IL-8 and other proin-
flammatory cytokines, and the inflammation-inhibitory cytokine IL-10, affecting the balance
of proinflammatory and antiinflammatory cytokines, thus influencing the inflammatory pro-
cess. p38 could mediate the activation of neutrophils; the proinflammatory cytokines (TNF-a.,
etc) could stimulate neutrophils and then activate p38MAPK; and the cytokines could sig-
nificantly enhance neutrophil respiratory burst effect, thereby amplifying and sustaining the
inflammatory response, leading to continuous inflammation response and injury. p38 could
induce the expression of intracellular nitric oxide (NO), increase the intracellular levels of
inducible nitric oxide synthase (iNOS), involved in inflammation and tissue damage. p38 also
plays an important role in the repair of cells and tissues (Kanaji et al., 2012), thus affecting
the antiinflammatory capabilities of tissues. p38 could positively regulate NF-xB activity, by
phosphorylating NF-xB upstream histone H3 (Saccani et al., 2002), and IKK or NF-xB p65
activity, thereby controlling the release of inflammatory cytokines. Therefore, the p38 MAPK
signal transduction pathway plays an important role in the inflammatory response. Rafiee et
al. (2002) found that p-p38MAPK was higher in IBD patients than in normal people, and
positively correlated with the degree of intestinal inflammation (Zhao et al., 2011). Waetzig
et al. (2002) found that during IBD intestinal epithelial injury, the activity of p38MAPK was
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significantly increased, and revealed that by tissue immunohistochemistry high p38MAPK
expression in macrophages and neutrophils of the intestinal lamina propria. When SB203580,
a p38MAPK inhibitor, was added to cultured mucosal tissue of IBD patients, the TNF-a se-
cretion of mucosal tissue significantly decreased. Docena et al. (2010) also found that the mu-
cosal p-p38MAPK level of IBD patients increased, after exposure of cultivated IBD mucosa
lesions to 4 different p38MAPK inhibitors, and that the p-p38MAPK levels declined, while
the expressions of TNF-a, IL-1B and IL-6 also reduced. The above studies illustrated that
p38MAPK signal transduction plays an important role in the pathogenesis of IBD.

Curcumin is a natural polyphenol extracted from Rhizoma Curcumae Longae. Because
of its pharmacological effects such as antiinflammatory, antiinfective, antioxidant, immuno-
modulatory and antitumor effects, it is widely used to treat cardiovascular and cerebrovascular
diseases, lung damage, cancer and other diseases. This study found that curcumin improved
DALI and histological injury in DSS-induced mice acute phase, while TNF-a and MPO levels
of colonic mucosa in the curcumin treatment group decreased, and expression of p-p38MAPK
and p38MAPK mRNA was also significantly reduced, confirming that curcumin had some
therapeutic effect against murine UC. The reasons could be: 1) inhibition of the release of the
proinflammatory cytokine TNF-a; 2) decrease in neutrophil infiltration, thereby reducing dam-
age from intestinal mucosal inflammation; and 3) inhibition of the expression of p38MAPK
and its upstream and downstream signaling pathways. Curcumin could partially inhibit the
activating signals of p38MAPK, such as cytokines (TNF-a, IL-6), and the stimulation of irrita-
bility to play a role in treatment of UC. The study also found that the effects with a high dose of
curcumin were better than with low and middle doses, and when compared with the dexametha-
sone group, there was no significant difference in the treatment of UC, indicating that curcumin
worked in a dose-dependent manner, with the high dose being most effective.

In conclusion, curcumin has a good therapeutic effect towards UC, probably by inhib-
iting the p38MAPK signaling pathway, reducing the release of TNF-a and other proinflam-
matory cytokines, and reducing neutrophil infiltration, thereby reducing inflammation injury
in the mouse intestine and playing a role in UC therapy. Notably, UC has a long duration,
with recurrence and a certain risk of canceration. Curcumin has an antitumor effect, and could
therefore prevent canceration. Moreover, curcumin is safe and inexpensive, and could lead to
the development of a new generation of therapeutic agents for UC.
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